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puting a formula whose const.ant,s define the “ st.andart1 
atmosphere.” As drtwdy stuttd, the values adopted for 
this purpose should be as nearly as possible true annual 
averages. These the nieteorologist can furnieh for niaiiy 
regions? principally for Europe and t,he Unit.ed St,at,es, 
yet w e  find not infrequentlv & *  iiivest.igators” picking out 
a few observnt,ions here and there and spending (in effect 
wasting) much t,ime aiid energy in conipuhg formule for 
general applicat.ion based thereon. An instance of this 
pract,ice is to be found in a recent PR er by XI. Soreau,’ 

clit,ions. 

might have been used. Worse still, these 40 soundings 
There are 15 

sitional mont,hs hhrch to hlay, and only 2 in t,he one 
summer mont,li of June, and even these 2 are in the early 
part of that m0nt.h. It is not surprising, t,lierefore, to 
hnd t.hat t,lie ressures at all heights above t,he surface 

Using his nieans hf. Soreau evolves the following 

in which lie essays t,o est,ablish “Stan x ard” free-air con- 

40 sounding balloon records, whereas some P Q  iundrei s 

in are the colc P niont,lis January and February, 23 in the t.ran- 

are considerab P y below true annunl averages. 

Uiifortmunat.ely his results are based u on on1 

oorly dist.ribut,ed as t,o season. 

cmpiric equation: 
760 

Z = 5 (3061 - 1.73 P - 0.0011 P3)  log 7, 

in which 2 is the desired akitude and P t,he observed 
pressure. He stmates that. t.his forniula fits his mean 
values well, which is not! surprising, since it is basecl u on 

have been published. il ,plied t.0 t.hose for Europe given 

cent,: applied to t,liose for t,he United States? t,he errors 
me nearly 4 per cent. I t  is not, to be espected, of course, 
t8hat a sin le formula will apply to different, widely sepa- 
rated loca 7 ities, but a formula for use in Europe should 
cerhin1-y be based upon representat,ive European data. 
Ot,lierwise, the conclusions mislead t.liose not, fanuliar 
with meteorological data. In a more recent note 
Rateau,’ calls attention to discrepancies in Sorenu’s 
values aiid those given hg Lapresle for Lindenberg, and 
expresses the hope bhat furt,her informatmion a.s to average 
free-air conditions may be obtained. As a matter of fact 
there is already sufficient information for this particular 
purywe, so far as Europe is concernecl. 

h at,urnlly, the renininder of M. Sorenu’s pa.per, in which 
he discusses t,he relations between A and p tA  being the 
ratio of the specific gravity at  Z nltitucte t,o t,liat at the 
surface, and p the corresponding ratio of pressures) is of 
little value, since it is basecl upon incomplete data. 

Finally, a more accept,nble discussion of tlie subject has 
been niacle by Prof. Pericle (famba, who has employed a 
large number of observa.t.ionu in several countries, result- 
ing in a reasonably close representation of the average 
conclitions in the free air. Prof. Toussaint8 has ut,ilizecl 
Ganiba’s analysis of t,he meteorological data in t,he for- 
niulat,ion of a proposed interallied agreement, as to the law 
of decrease of tempernture with increase of altitucle. 

t,heni. It does not., however, fit any other values t. Yl at 

by Dines,? the errors in c I etmiiiining Z are about 1.3 per 

“ C .  kg./cti.m. 
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Toussaint proposes the adopt.ion of a “law” of linear 
decrease of temperatme with altitude, starting at a 
temperat.ure of C. at sea level and attaining 
-50” C!. at, an altit,ucle of 10,000 meters. This “law” is 
espressed by the formula t = 15 - 0.0065 2, in which t = 
temperature in “C. and 2 = altitude in meters. 

Iking this foriiiula for computing tlie “standard” tem- 
peratwe for various heights, and assuming further that 
the ntmosphere is dry aiid t,hat gravity reniains constant 
a.t all levels, tbe aut,hor cluicklv deternlines the appro- 
priate values of pressure and density. The resu1t.s are 
given, in abridged forni, in t,he following table : 

Trm- 

level. 

Although the adopt.ed rate of temperature decrease is 
arbitrary, the resulting values nevertheless agree quit.e 
well with annual nieans ns published by various investi- 
gators for Europe and the IJnited St,ates. (Cy. references 
111 footnot,es 2 and 3.) Prof. Toussaint remarks: 

I t  Iiae hecn fuund prcfzr~lilt! to t3ko a lincsr law rather than to seek 
an eqirotion approximate to Prof. Chrnlia’s cunv, for the following 
rcawn: 

I I I  ortlrr t.o +!hi? the stZnrlori1 at.niospherp. whit is needed i R  riot. an 
e u v t  rei)rcJ,.iit.:itil-Iti oi t h t  t:iirvP, liiit, inerelv a lm- t.li:tt. can be con- 
\ ~ ~ i n i t l y  ii!y>lied am1 w!iich i# wHicirnt,ly in colicordance with the 
nipails adl!rrr.d t.0. B y  this nidzthml. cclrrectione rhe to temperature 
will lle a:: siilall :ts p,xsillli~ iii cilc.nl:it.ions or niqAane perfornianres, 
awl will IN. easy to ralriilnte. Tlw pro~luwd Isw seems likely to realize 
siicli m i i i l i  t.iims. 

The i!c.\-i:iticln is I : I ~  sonie di:lit. iiiip:)rtn.nce only at, altitudes below 
1 .flOdl iiir.t.ws. wliirh nlt.it.u+s arr. rli Ijtt,lc. inbvrest in aerial navigation. 
The- Piliiplirity tit’ t b .  i m i i d i t  hirXc4y conipeneat.es t.his inconvenience. 

It. iii!!st 114: nwiJrk+:tl. litnvtwnr, t.hat since t.hr isothcrnial laysrs ~eeiii 
to i:oi~iiii~:~ii~~~:. i l l  Eiirnp~~aii ry;iivis. at  an a1tit.de of ahout 11.000 mc- 
ttfrs. it. I V I - I I I I ~  110 ihiirermis to cstraliolate alwt e that altitiicle. 

\Yhw it 1ll.lwiiiCts iiii ordinary orciirrenre for nirplanes to attain that 
altitiiilc:. it will 1.1e nwcssnry to modify tlie law. but. it siiffires for the 
mm.IiiiirAs 111:i.x in I I W .  

I t  should he furt,lier rema.rkec1 that the proposal is im- 
properly referred t.o as. n “law.” osed to 
define something t,liat IS exact,, wit.hin reasona [i) e limits, 
whereas t.lie actual conditions at  different times and 
places will differ widely froni this or any other assumed 
rate of decresse; “Standard ntmosphere” is probably 
t h  best espression. It is to he hoped, though, that not 
even t,Iiat t.rrni will he adopted, until all, or at any rate 
most, countries have agreed to use the same values.- 
11‘. R. Grlyy.  

A law IS sa 

INTERVALS BETWEEN BEGINNING OF RAINFALL IN WEST 
AND CENTRAL FRANCE. 

A letter received from Albert Jagot, of Le Mans, 
France, gives an account of some interesting studies on 
tlie intervals between rainfall a t  Nantes and Le Mans 
and between Brest and Le Mans. B grouping low- 
pressure locations and high-pressure P ocations he has 
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LOW centered as in- 

1 above ...................................... 
4 above. . .................................... 5 above.. 

..................................... 

tabulated the number of times rainfall occurred a t  the 
two stations within 3 hours, 4 to 6, 6 to 8, 8 to 12, etc., 
hours. For the LOWS the table is as follows: 

Hours Interval between rain at Brest 
and Le Mans 

0-6 6-8 8-12 12-15 
---- 

11 6 6 1 
3 1 2 .......... 
4 1 1 .......... 

com ared, the winds in the most cases were from NW. 
to gSW. Similar studies were made for the interval 
between Brest and Le Mans, with the following result: 

For HIGHS the following is the result: HIGH centered as ln- 
- 

Hours interval between rain at Nantes 
and Le Mans 

1 above. ..................................... 
2 above.. .................................... 
4 above ................................................. 

HIGH centered OTW- 

0-3 I 4-6 I 8-8 I 8-12 3above ...................................... 

LOW centered over- 

Hours interval between rains at Brest 
and Le Mans 

0-6 6-8 8-12 12-14 
- _ _ _ _ _ - ~  

9 4 6 1 
6 ............................. 
3 2 2 .......... 

3 .................... 

Hours interval bet- rain beginning 
at Nantes and Le Mans 

0-3 I 4-6 1 M I 8-12 

1. British Isles ............................... I 12 11 
2. Netherlands. ............................. ........ 3 

1 
4. Brittany, S t v t s  of Dover, estern France 7 
5. Sweden, Baltic Sea.. ..................... 7 .......... .......... 
3. Norway, Icelapd, Stornowa~. ............. 

I 181 8 1  9 1  1 

I 

6 i  

1. Spain. Gasony. i. ........................ 
2. Central Europe. .......................... 
3. Great Britain (with LOW over North Sea). . 

7 

.......... 
1. Southeist of Europe.. .................... .......... 2 

It is thus seen that the shorter interval, 0 to 3 hours, 
seems to prevail. At the time of the rainfalls which were 

I 181 91  8 1  1 

Here, too, the prevailing interval is the shortest one, 
and the winds, sa the writer, are the same as in the 
revious case. T E  distance between Nantes and Le 

kans  is 185 kilometers, and between Brest and Le Mans 
is about 430 kilometers.-C. L. H. 

THE MOST INTENSE RAINFALL ON RECORD.’ 

By BENJAMIN C. &DEL. 

Mr. H. G. Cornthwaite’s article, “Panama Rainfall,” 
in May, 1919, MONTHLY WEATHER REVIEW, 47: 2984320, 
contains in Table 1, Maximum rainfalls, a statement of 
the occurrence of 2.48 inches of rainfall in 5 minutes a t  
Porto Bello, Panama, 2:07 a. m. November 29, 1911. 
The actual record has been kindly ioaned to the Weather 
Bureau (‘see retouched photostat, fig. l), and from it 
we learn that all but 0.01 inch fell in three minutes, or 
at  a rate of 0.S2 inch per minute. As this exceeds by 
100 per cent the rate of 8.07 inches in 20 minutes at 
Curtes de Arges, Roumania, July 7, 1889, heretofore 
considered the world’s record, it is desirable to record 
such facts as may have a bearing upon its validity. 

The shower that includes the period under considera- 
tion fell at  an escessive rate from 12:45 a. m. to 2:45 
a. m., the total fall for the two hours exceeding 6 inches. 
The total rainfall for the 24-hour period endin at 5 
p. m. was 7.60 inches by stick measurement. T%e 12- 
inch tipping bucket re istering gage a parently func- 
tioned roperly throug % out the pcf although the 
record P or the three minutes is so lurred as to be illeg- 
ible, the blurring being due to the slow clock speed 
rather than to instrumental failure. The actual fall 
during the period was determined b first correctin 
legible portion of the 24-hour recorBon the basis o the 
previous performance of the gage, and in accord with 
accepted practice, then crediting the remainder to the 
excessive period. It is established by letters of inquiry, 
addressed by Dr. Brooks to M i .  Cornthwaite, that the 
gage was emptied at 5 p. m. before the rain began; that 
the instrument was.in the ha.nds of careful observers; 
that to enter both stick measurements and registration 
was the usual practice; that  the water was regularly 
poured out at each observation; and that no foreign sub- 

f the 

stance was found in the rain gape or in the funnel at the 
time the rain was measured. The record was promptly 
made the subject of special inquiry, and the officer in 
command states that in his opinion it is correct. Per- 
sons who were a t  work a t  the time remarked about the 
heavy rain, and low-lyin ground was covered with 
several inches of water, !%ah not being ca able of 
carrying it away as fast as it  fell. Several large i oulders 
were dislodged and washed down the hillsides, and the 
reservoir su plying the town with watex overflowed. 
The record t R erefore appears to be well substantiated. 

While the evidence supporting the validity of the rec- 
ord is sufficient under ordinary circumstances to warrant 
acceptance, i t  appears roper to set forth in this connec- 

of rain fell within the three minutes. The method of in- 
terpreting the record by the process of elimination means 
that any failure of the tippin bucket to r ister through- 

minute period. Dr. Brooks counted 13 or 14 projections 
on the original record, which probably means 13 or 14 
excursions of the zigzag pen, corresponding to 1.30 or 1.40 
inch. The record is too blurred to be sure of more ups 
and downs. This agrees fairly well with the perform- 
ance of a tipping bucket during an experiment a t  this 
office, during which 2.48 inches of water was poured int.0 
a similar rain-gage funnel, after which the lower end 
of the funnel was opened. The time required for the 
water to flow through the opening was 2 minutes 
and 15 secoiids, and the tippin bucket made 194 tips 
durin 
was f P  ecidedy erratic, especially a t  first. Now, since 
the time occu ied in discharging 2.48 through the small 

tion some reasons for 1 oubting that the actual quantity 

out the entire 34 hours wou P d be credite T to the three- 

the rocess. The pe d ormance of the bucket 

opening at t E e lower end of the funnel is nearly as 
1 Paper p m t e d  at meeting of the American Meteorological Soclety, Washington, D. C., Apr. 22,1920. 


